INTRODUCTION
Recently, nivolumab, fully human IgG4 programmed death-1 (PD-1) immune-checkpoint-inhibitor antibody, was demonstrated to confer survival benefit as compared to docetaxel, the standard chemotherapy for previously treated NSCLC patients, in two randomized controlled trials, Check Mate 017 and Check Mate 057 [1, 2] .
The results of the Check Mate 057 trial suggested that nivolumab was more effective in the subset of non-squamous NSCLC patients with tumors harboring wild-type epidermal growth factor receptor (EGFR) and expressing programmed death ligand-1 (PD-L1) [2] . In addition, the Key Note 010 trial, in which the efficacy of another immune check point inhibitor, pembrolizumab, was investigated, also yielded similar findings [3] .
The current level of evidence supports the use of checkpoint inhibitors in NSCLC patients in both first line and subsequent lines. The chance of having a benefit with these increases with the level of PD-L1 expression, and it seems to decrease if EGFR mutations are present. However, there is still insufficient evidence on how PD-L1 expression influences the efficacy of immune checkpoint inhibitors in patients with EGFR-mutated NSCLC. The present study was aimed at evaluating the impact of tumor PD-L1 expression on the efficacy of immune checkpoint inhibitors in patients with NSCLC harboring EGFR gene mutations.
METHODS
This observational study was conducted retrospectively. Patients with EGFR-mutated NSCLC who had been treated with nivolumab based on clinical judgment were included. We reviewed the patient data, including the age, gender, performance status, smoking status, progression-free survival (PFS) from the initiation of treatment, and response to nivolumab from the medical records.
Immunohistochemistry to determine tumor PD-L1 expression was commissioned to a commercial laboratory (BML Inc., Tokyo). PD-L1 expression was evaluated by the tumor proportion score (TPS), which refers to the proportion of tumor cells expressing PD-L1 in tumor biopsy specimens obtained from the patients, determined using a rabbit antihuman PD-L1 antibody (clone 22C3).
The present study was conducted with the approval of the Ethics Committee of the University of Toyama (Reference Number: 29-10), by taking the informed consent for the publication for this study and any additional related information from the patients involved in the study and/or disclosing the information about study plan, according to Ethical Guidelines for Medical and Health Research Involving Human Subjects (Ministry of Health, Labor and Welfare of Japan).
RESULTS
All of 23 patients with NSCLC had received treatment with nivolumab in Toyama University Hospital between January 2016 and March 2017. Of these, five patients showed EGFR activating mutations, including exon 19 deletion and exon 21 L858R point mutation, in the tumor. Table 1 shows the patient characteristics and response to nivolumab treatment. All patients with EGFR-mutated NSCLC had received the treatment with EGFR-TKI at any point of the clinical course. Patients number 1, 3, and 4 received the treatment with nivolumab as second line treatment, and patients number 2 and 5 received the treatment as third line treatment. Patients number 1, 2, and 5 received a biopsy immediately before the treatment with nivolumab. In patient number 4, a tissue specimen that was obtained at initial diagnosis was used for immunohistochemistry. In patient number 3, initial diagnosis and biopsy was conducted in another hospital, and the specimen could not be used for the present study. The patient received a biopsy after the nivolumab therapy for the clinical necessity, and the specimen was used for immunohistochemistry. Four patients showed disease progression after the initiation of treatment with nivolumab. Pseudo-progression was excluded in each patient based on clinical judgement including concomitant deterioration of symptoms and performance status, or findings of a computed tomography scan conducted afterward. The PFS in these patients ranged from 0.6 to 4.2 months, and no response to nivolumab was observed. Immunohistochemistry revealed that the TPS in the tumor specimens obtained from these patients was less than 1%. In patient number 5, the mediastinal lymph node metastasis responded to nivolumab, corresponding to ''partial response'' according to the Response Evaluation Criteria in Solid Tumors. Immunohistochemistry of the tumor specimen obtained from this patient revealed a TPS of 80-90%. The patient experienced appetite loss of grade 3 requiring admission and elevation of serum creatinine level of grade 2. These adverse events were improved after the cessation of nivolumab. However, appetite loss and pneumothorax in the left lung were observed after the re-administration of nivolumab. Although disease progression was not detected by clinical testing including computed tomography imaging, treatment with nivolumab was ceased because of appetite loss and poor performance status. The patient was referred to another hospital at 7.9 months later after the initiation of the treatment with nivolumab.
DISCUSSION
Although tumor PD-L1 expression has been reported to be associated with better treatment efficacy of nivolumab in patients with non-squamous NSCLC [2] , the response rate to nivolumab in patients with EGFR-mutated NSCLC is known to be low [4] . Therefore, there is the clinical question of which treatment option can be recommended for patients with EGFR-mutated NSCLC showing PD-L1
expression. The present study showed that the efficacy of nivolumab was correlated with the expression status of PD-L1, even in patients with EGFR-mutated NSCLC. EGFR activation by EGF stimulation is reported to upregulate PD-L1, and it has also been demonstrated that inhibition of EGFR by EGFR-TKI downregulated PD-L1 [7, 8] . Given these previous reports, the association is expected between PD-L1 expression and EGFR gene mutation. However, there are inconsistent reports from previous clinical studies on the association between PD-L1 expression and EGFR gene mutation [4] [5] [6] [7] . PD-L1 expression could be regulated by several factors including oncogene pathway activation and cytokines such as interferon c, and EGF signals might be one of the underlying mechanisms for expression of PD-L1 in NSCLC harboring EGFR gene mutation [8] .
There are several limitations in the present study. The first is a very small sample size. Although the concordance of PD-L1 expression with efficacy of nivolumab was shown in five patients, it might be observed by chance, and we cannot draw a definitive conclusion. So, a study with a larger population is needed for verification. Second, in patient number 3, because the specimen obtained after the treatment with nivolumab was used for immunohistochemistry, it cannot be excluded that PD-L1 status shown in the present study might not reflect the status before the treatment with nivolumab. In conclusion, the present study suggests an association between the PD-L1 expression status and the efficacy of nivolumab in patients with EGFR-mutated NSCLC. Evaluation for PD-L1 expression may be useful for predicting the efficacy of nivolumab and selection in patients with EGFR-mutated NSCLC.
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